Background-Dyslipidemia is a frequent complication of antiretroviral therapy (ART) for patients with human immunodeficiency virus infection (HIV). The effects of ART on lipoproteins are less well-understood, and have not been investigated in a prospective study where assignment to ART is randomized.
Background
Dyslipidemia is a frequently observed complication of antiretroviral therapy (ART) for patients with human immunodeficiency virus infection (HIV). 1 The increased cardiovascular disease (CVD) risk associated with ART is related, at least in part, to changes in serum lipids. 2, 3 Abnormalities of serum lipoproteins, as well as insulin resistance have been associated with endothelial dysfunction in patients on ART. 4, 5, 6 Because dyslipoproteinemia has been described in patients with HIV who are not receiving ART, 7, 8 and the effects of ART on serum lipids differ both between and within different ART regimens 9, 10, 11, 12, 13 the pathogenesis and magnitude of lipoprotein changes associated with ART have been difficult to characterize. Most studies that evaluated the metabolic complications of ART measured lipids, rather than lipoproteins, thus providing incomplete information regarding the pathophysiology and CVD risk associated with the observed dyslipidemia, which frequently includes abnormal serum cholesterol and triglyceride levels. Furthermore, most studies evaluating the effects of ART on lipids have been observational, not randomized, and/or were of short duration, so the effects of ART on lipoprotein metabolism remain incompletely understood. This report describes the effects of three class-sparing ART regimens on lipoproteins, in the context of a randomized, prospective clinical trial in which assignment to ART was randomized and subjects were followed for six months.
Methods

Study Design
AIDS Clinical Trials Group (ACTG) Study A5152s 14 was a sub-study (N=82) of ACTG A5142 (N=757), 15 a prospective, multicenter randomized clinical trial that investigated time to virologic failure among ART-naïve subjects who were randomly assigned to receive one of three ART-sparing regimens: (i) NRTIs plus the NNRTI efavirenz (a protease inhibitor [PI]-sparing regimen), (ii) NRTIs + the PI lopinavir/ritonavir (a NNRTI-sparing regimen), or (iii) efavirenz + lopinavir/ritonavir (a NRTI-sparing regimen). The NRTIs prescribed in this study were lamivudine plus extended-release stavudine, zidovudine, or tenofovir. NRTI use was investigator-selected prior to randomization and was a stratification factor. This study was approved by the institutional review boards at each institution. All subjects provided informed consent.
Major inclusion criteria included HIV-1 infection and plasma HIV RNA >2.0 log 10 copies/ mL. Major exclusion criteria included prior use of ART, known coronary artery disease, peripheral arterial disease, cerebrovascular disease, diabetes mellitus, significant kidney disease, and current use of lipid-lowering medications, insulin-sensitizing agents, antioxidant vitamin supplements, or hormones at greater than replacement doses. Pharmacological treatment of diabetes mellitus and dyslipidemia were not permitted during the study. Subjects participating in A5142 from six sites in the United States were eligible, but not required, to enter this substudy. They were consecutively recruited and offered enrollment at participating sites. Study procedures were performed at baseline and then after 4 and 24 weeks. This paper describes the effects of three class-sparing ART regimens on lipoproteins.
Testing Procedures
Laboratory testing was performed using standard assays at the ACTG Central Metabolic Laboratory (Quest Diagnostics, Baltimore, MD) except as noted below. After at least an 8 hour fast, blood samples were drawn into 10 cc tubes containing EDTA and immediately centrifuged at 3000g for 10 minutes at 4°C. Aliquots were stored at -70°C until assays were performed. Advanced lipoprotein testing was performed by nuclear magnetic resonance spectroscopy at LipoScience, Inc (Raleigh, NC). 16 Low-density lipoprotein cholesterol (LDL-C) was measured directly by spectrophotometry (Genzyme Diagnostics, Cambridge, MA) on an Olympus AU600 (Olympus Europa GmbH, Hamberg, Germany).
Data Analysis
Evaluation of the relationships between levels of lipids, lipoproteins, and markers of insulin/ glucose metabolism and their changes after 4 and 24 weeks were pre-specified goals of this study. The quantitative insulin sensitivity check index (QUICKI), a marker of insulin sensitivity, was calculated as 1 / log 10 (glucose in mg/dL) + log 10 (insulin in μU/mL).
All values are reported as medians with interquartile ranges, unless noted otherwise. The Wilcoxon Signed Rank test was used to assess within-arm changes. Kruskal-Wallis (KW) or Fisher's Exact tests were used for between-arm comparisons. Throughout the paper p KW denotes comparisons across all three groups. All other comparisons are within group or between two group comparisons. Spearman correlations (r s ) were used to evaluate relationships between pairs of continuous variables. Partial Spearman correlations adjusting for treatment regimen also were performed for variables with a difference between the treatment arms (p KW <0.10). P values were not adjusted for multiple comparisons. Because several lipid and lipoprotein parameters would be expected to be intercorrelated, only those with r s >0.30 are reported, unless otherwise noted. With 75 subjects, this study had over 80% power to detect this correlation with a p = 0.05.
Two participants randomized to efavirenz + lopinavir/ritonavir and two participants on NRTIs + lopinavir/ritonavir were excluded from week 24 because they started lipid-lowering medications between weeks 4 and 24. Additionally, one participant on efavirenz + lopinavir/ ritonavir and one in the NRTIs + efavirenz arm were excluded from week 24 for non-adherence with ART. Data from the baseline and week 24 visits are presented.
Results
Baseline Characteristics
The 82 subjects were well-matched across groups at baseline (Table 1 ). 14 Of the 54 individuals who were randomized to NRTI-containing regimens, 9 (17%) received stavudine, 27 (50%) tenofovir, and 18 (33%) zidovudine with a similar distribution between the arms (p=0.46).
Baseline lipid and lipoprotein data are shown in Table 2 . Serum lipids were similar in each arm (p KW >0.50). Total cholesterol, high-density lipoprotein cholesterol (HDL-C), and LDL-C levels values were low; however, serum triglycerides were within the normal range. With the exception of very low-density lipoprotein (VLDL) size (p KW =0.009) and large VLDL (p KW =0.064), baseline lipoprotein concentrations and sizes also were similar in each arm (p KW >0.50). The total VLDL concentration was low-normal; the large VLDL particle concentration was normal. 16 The median VLDL particle size was low-normal. Intermediatedensity lipoprotein (IDL) levels were elevated. Total LDL and small LDL concentrations were low; however, the median LDL particle size was normal. Total HDL particles were low, with a decreased number of large HDL particles; however, the median HDL size was normal. 16 At baseline, the expected correlations between lipid and lipoprotein fractions were observed (data not shown). There were no significant correlations between CD4 cell counts and any of the lipid or lipoprotein fractions; however, the plasma HIV RNA concentration was inversely related to HDL-C (r s =-0.37, p<0.001), total HDL (r s =-0.41, p<0.001), large HDL (r s =-0.35, p<0.001), and LDL-C (r s =-0.30, p<0.001), but not total LDL, small LDL, or markers related to triglycerides. There was a significant inverse correlation between insulin levels and LDL size (r s =-0.43, p<0.001), and significant positive correlations between insulin levels and large VLDL (r s =0.39, p<0.001), glucose (r s =0.37, p<0.002), and body-mass index (r s =0.36, p<0.002).
Changes in Laboratory Tests
After 24 weeks of ART, plasma HIV RNA levels decreased and CD4 cell counts increased (p<0.001) to a similar extent in each arm (p KW >0.60). Approximately 67% of participants had plasma HIV RNA levels <50 copies/mL. There was an increase in body-mass index (0.5 [-0.5 -+1.9] kg/m2, p<0.01) that was similar in each arm (p KW =0.68). Waist circumference increased slightly (1.0 [-1.80 -4.0] cm, p=0.04) without differences between arms (p KW =0.910). Small but statistically significant increases in glucose levels were seen in the NRTI + efavirenz (+4, [0 -+9], p<0.05) and efavirenz + lopinavir/ritonavir (+5, [-3 -+12], p<0.05) arms (p KW =0.04), but insulin levels were not different within or between arms (p KW =0.24). Significant between-arms differences in changes QUICKI (p KW =0.720) and high-sensitivity C-reactive protein (p KW =0.234) were not observed after 24 weeks.
Changes in lipids and lipoproteins are described in table 3. Changes after 4 and 24 weeks were of similar magnitude, so only the 24 week data are reported. Total VLDL and large VLDL increased with ART (p<0.01). The VLDL particle size increased (p<0.01) without significant differences between arms. Large, statistically significant increases in total VLDL and large VLDL were observed in both arms that contained lopinavir/ritonavir (p<0.01), but not in the NRTIs + efavirenz arm. The increase in total VLDL was greater in the efavirenz + lopinavir/ ritonavir arm than the NRTIs + efavirenz arm (p=0.008) and tended to be greater than in the NRTIs + lopinavir/ritonavir (p=0.085). Differences between arms in large VLDL were not statistically significant (p KW >0.37). A large, significant increase in IDL was observed in the efavirenz + lopinavir/ritonavir arm (p=0.034) that was greater than observed in the other two arms (p≤0.036).
Total LDL and small LDL increased after 24 weeks of ART (p<0.01); however, the LDL particle size did not change significantly. Modest, statistically significant increases in total LDL were observed in the NRTIs + lopinavir/ritonavir arm (p<0.05). This increase was not statistically greater than observed in the NRTIs + efavirenz arm (p=0.316). In the efavirenz + lopinavir/ritonavir arm, large, statistically significant increases in total LDL were seen (p<0.01). These increases were greater than observed in the NRTIs + efavirenz (p=0.001) and in the NRTIs + lopinavir/ritonavir (p≤0.013) arms. Similar changes were seen for small LDL. In the efavirenz + lopinavir/ritonavir arm, large, statistically significant increases in small LDL were observed (p<0.01). These increases were greater than observed in the NRTIs + efavirenz arm (p≤0.014) and tended to be greater than in the NRTIs + lopinavir/ritonavir arm (p≤0.071). Changes in small LDL in the NRTIs + lopinavir/ritonavir and NRTIs + efavirenz arms were not statistically significant. There was a small but statistically significant increase in lipoprotein (a) (p≤0.01) that was similar in each arm.
Use of ART led to relatively large and statistically significant increases in total HDL in each arm (p<0.01). Participants in the efavirenz + lopinavir/ritonavir arm experienced the greatest numerical increase in total HDL. Although the overall test of significance between the arms had a p value of 0.069, the total HDL increase in the efavirenz + lopinavir/ritonavir arm was statistically higher than in the NRTIs + efavirenz arm (p=0.036) and tended to be higher than in the NRTIs + lopinavir/ritonavir arm (p=0.056). Large HDL increased (p<0.01); however, differences between arms were not significant. Changes in HDL size were not significant between or within groups. Changes in total LDL, small LDL, VLDL, and HDL did not differ by NRTI assignment.
Correlations between Changes in Laboratory Tests
Expected correlations between changes in lipids and lipoproteins were observed. For example, changes in LDL cholesterol were strongly correlated with changes in total LDL (r s =0.73, p<0.001) and small LDL (r s =0.52, p<0.001), as well as changes in large VLDL (r s =0.51, p<0.001), IDL (r s =0.50, p<0.001). Changes in triglycerides were strongly correlated with changes in total LDL (r s =0.55, p<0.001) and small LDL (r s =0.58, p<0.001), changes in total VLDL (r s =0.59, p<0.001) and large VLDL (r s =0.82, p<0.001), as well as VLDL size (r s =0.57, p<0.001). In addition, changes in triglycerides were inversely associated with LDL size (r s =-0.43, p<0.001) and large HDL (r s =-0.41, p<0.001). Changes in HDL-C correlated positively with LDL size (r s =0.37, p=0.001) as well as total (r s =0.59, p<0.001) and large (r s =0.64, p<0.001) HDL, but inversely with small LDL (r s =-0.33, p=0.005) and large VLDL (r s =-0.36, p=0.002). Partial correlations that considered treatment arm were not notably different in direction and level of statistical significance, indicating that the relationships between the changes in lipids and lipoproteins were not significantly influenced by the treatment arm.
Correlations between changes in lipoproteins after 24 weeks were as follows. Changes in total LDL correlated positively with changes in small LDL (r s =0.87, p<0.001), IDL (r s =0.50, p<0.001), total VLDL (r s =0.62, p<0.001), and large VLDL (r s =0.35, p=0.002), and inversely with changes in LDL size (r s =-0.51, p<0.001), large HDL (r s =-0.38, p<0.001), and HDL size (r s =-0.35, p=0.002). Changes in large HDL was correlated significantly with changes in LDL size (r s =0.49, p<0.001) and HDL size (r s =0.60, p<0.001), and inversely with changes in total LDL (r s =-0.38, p<0.001), small LDL (r s =-0.53, p<0.001), total VLDL (r s =-0.35, p=0.002), and large VLDL (r s =-0.33, p=0.004). Significant correlations between changes in any of the lipoprotein parameters and changes in glucose, insulin, and body-mass index were not seen.
Discussion
This sub-study of a prospective clinical trial with randomized assignment to three distinct, modern, class-sparing ART regimens provided a unique opportunity to evaluate the effects of ART on lipids and lipoproteins. This is a matter of great clinical importance, since dyslipidemia occurs commonly in HIV-infected patients and serum lipids predict CVD risk among patients receiving ART. 2, 3 Because ART-associated dyslipidemia involves abnormalities of several lipid fractions, and components of ART have differing effects on lipids that vary within and between ART classes, assessing the magnitude of CVD risk associated with ART has been challenging, as has understanding its pathophysiology and implications for therapy. 9, 10, 11, 12, 13 Furthermore, because lipoprotein abnormalities are seen in HIV-infected patients not on ART, including an increased prevalence of small LDL, 8, 7 and because abnormalities of serum lipids may not reveal the qualitative and quantitative abnormalities in lipoproteins that underlie them, 17,18 characterization of ART-associated dyslipidemia requires longitudinal assessment of changes in lipoproteins, as in the current study.
In individuals without HIV Infection, concentrations of total and small LDL particles consistently are among the strongest predictors of CVD outcomes, independent of traditional lipids. 19, 17, 16, 20, 21 Increased total and small LDL have been observed in patients on ART. 4, 22, 23, 24 In this study, total and small LDL particle concentrations increased, but there were notable differences between the treatment arms. Large, statistically significant increases in total and small LDL particles were seen with efavirenz + lopinavir/ritonavir. The magnitude of the median increase in these parameters approaches one standard deviation of the United States population, and crosses thresholds for increased levels of CVD risk based on current clinical interpretation of the advanced lipoprotein testing assay used in this study. 16 LDL particles also increased in the NRTIs + lopinavir/ritonavir arm, although the magnitude was less than on efavirenz + lopinavir/ritonavir, and the observed increase in small LDL was not statistically significant. The increase in LDL particles in the efavirenz + lopinavir/ritonavir arm was nearly twice as large as in the NRTIs + efavirenz arm, but this difference was not statistically significant. Of note, LDL size did not change significantly, despite the observed increases in triglycerides, as discussed below. Taken together, changes in LDL particles were greater in the arms that contained the PI lopinavir/ritonavir, and were especially high in regimens that included the NNRTI efavirenz. Importantly, the increases in the efavirenz + lopinavir/ritonavir arm could have been expected based on the direct LDL-C assay results, but the changes in the NRTIs + lopinavir/ritonavir arm would not have been elucidated without advanced lipoprotein testing. Because LDL-C is not calculated on a standard lipid panel when triglycerides are greater than 400 mg/dL, the increase in LDL particles observed in patients on ART may not have been recognized in studies that used the Friedewald equation to estimate LDL-C, or in clinical practices that do not perform direct measurements of LDL-C or advanced lipoprotein testing.
The increases in HDL-C and HDL particles observed in this study were large and particularly striking, as they occurred despite increases in triglycerides, which would be expected to reduce HDL-C. Increases tended to be largest in the efavirenz + lopinavir/ritonavir arm, but differences in HDL particles between arms were small, not statistically significant, and were qualitatively similar to the changes in HDL-C. The mechanism of the increase in HDL particles is uncertain; however, in the ATLANTIC study, neither the addition of the NNRTI nevirapine nor the NRTI lamivudine significantly affected CETP mass, although a small increase in CETP mass was seen with the PI indinavir. 23 In that study, increases in HDL-C and apo A-I were greatest in patients that received nevirapine. In the recent Nevirapine Intensive Lipid Evaluation (NILE) Trial, nevirapine use was associated with increases in apo A-I and large HDL, without significant effects on CETP activity or HDL catabolism, suggesting an increase in apo AI synthesis. 25 It has been hypothesized that the greater increase in HDL-C observed in patients on NNRTIs should lead to cardiovascular benefits; however, in this study, arms with and without the NNRTI efavirenz had similar effects on HDL-related lipid and lipoprotein parameters. Direct comparisons between ATLANTIC, NILE, and the current study cannot be made because the ART regimens were so different. This study does not shed light on the mechanisms of HDL increases seen with ART or their effects on CVD risk.
As expected, triglycerides increased with ART, particularly in the arms that contained the PI, lopinavir/ritonavir. Large, statistically significant increases in total VLDL and large VLDL were observed in both lopinavir/ritonavir-containing arms, but not in the arm without PIs. Changes in total VLDL and large VLDL correlated positively with changes in LDL particles and inversely with changes in HDL particles. Furthermore, significant correlations between changes in any of the lipoprotein parameters and changes in glucose, insulin, and body-mass index were not seen.
Limitations
This study was designed to identify changes in endothelial function in each arm; 14 however, evaluation of lipoproteins and their changes were pre-specified endpoints of the study. The absence of significant differences between arms in lipoproteins may be due to a type II (false negative) error. Because multiple lipoprotein parameters were compared to one another, the magnitude of reported correlations and their consistency should be considered in their interpretation. Of note, partial correlations that considered treatment arm were not notably different in direction and level of statistical significance, indicating that the relationships between the changes in lipoproteins were not significantly influenced by the treatment arm. This study did not evaluate lipoprotein kinetics or the activity of enzymes involved in lipoprotein metabolism, so the mechanism(s) of the observed changes cannot be evaluated. Finally, because assignment to NRTIs was not randomized and only 9 patients received stavudine, the relative lipoprotein effects of tenofovir, zidovudine, and stavudine could not be evaluated.
Conclusions
In this prospective study with randomized assignment to three class-sparing ART regimens, significant lipoprotein changes were observed. Total and small LDL particle concentrations increased, especially in the arms containing the PI lopinavir/ritonavir, as did total VLDL particles. HDL particles increased to a similar extent in all arms. Adverse changes in LDL and IDL were especially prominent in the arm with efavirenz + lopinavir/ritonavir. These changes were not related to changes in markers of insulin/glucose metabolism. Table 1 Baseline Subject Characteristics 
